Introduction
Databases have evolved, from early and simple file systems to the hierarchical and network-based models of the nineteen fifties and sixties. The eighties saw the evolution of the more recognisable and pervasive relational and object, and later object-relational, models. A brief overview of some of these more modern DBMS’s is presented below.

[bookmark: _GoBack][bookmark: _Int_xXOB2uuc]Relational databases
[bookmark: _Int_1f7KlwG2]In a relational database data is stored in a tabular format of rows and columns. One column will usually be assigned as a key for the table and will uniquely identify a particular record (row) within that dataset. Links between datasets stored in differing tables are defined using either one to one, one to many, or many to many relationships using these unique identifiers as indexable keys. These logical representations of data using tables, views, and indexes are separate from the physical layer [1]. Relational databases use SQL (Structured Query Language) that allow users to write complex queries against the database in a straightforward English based syntax e.g., SELECT * FROM myTable WHERE id = 1 (* is shorthand for return all fields from table) [2].
The RDBMS model is one of the most widespread in use today and some notable industry grade examples are Oracle, MSSQL (Microsoft) and MySQL.

Object-oriented databases
Object oriented (OO) based storage of data is another approach and can trace its history back to the 1980’s [3]. Based on the same model as OO programming in which objects represent encapsulated entities complete with properties, events, and methods. The four pillars of OO are: Abstraction, Encapsulation, Inheritance, Polymorphism. The database aligns tightly with an OO language, allowing objects to be stored, manipulated, and retrieved in the database. This direct representation in storage thereby eliminates the need to convert between objects and the relational tabular format and can result in considerable performance gains. Applications such as CAD and multi-media benefit where complex models can be stored and recalled much faster than by relational counterparts [4].
[bookmark: _Int_DPuOiYaU][bookmark: _Int_RRLSbr3u]A well-established and long-standing provider of an object-oriented DBMS is Intersystems and their flagship Caché [5] product. This was initially based on the “Massachusetts General Hospital Utility Multi-Programming System" (MUMPS) [6], designed and developed by Neil Pappalardo, Robert Greenes, and Curt Marble in 1966. Today Caché remains in widespread use in the medical and healthcare sectors with some systems dating back decades. In recent years some of these have been replaced and have given way to more mainstream relational based systems provided by Oracle and Microsoft.
Other examples of object-oriented systems are Gemstone, ObjectDatabase++, and JADE.


Distributed databases
Databases can be stored in multiple physical locations either across a wide area network, such as the internet or internally across multiple servers. This relies on technologies such as replication; the identification of changes and their immediate dissemination amongst all copies of the data, or duplication; a simpler but less immediate solution that replicates the database in one go, usually as part of an after hours or overnight job.
Distributed databases can be either homogenous; where all sites share the same hardware and software platforms, or heterogenous; where translation is required between differing or adverse architectures, systems, and data structures [7].

NoSQL databases (non-relational)
NoSQL or "Non-SQL" databases move away from the traditional tabular approach of relational models. Data is represented either in-memory or in one of four typical structured storage formats [8];
Key-value pairs; An associative array structure of key value pairs, these are commonly found in most modern programming languages. Also known as hash tables or dictionaries they are simple to use but their application is limited. Examples are; Apache Ignite, Redis, and Oracle NoSQL.
Wide column; A tabular format where field types and names in each row can be different. Information is stored in columns enabling specific access to relevant data. Examples are; Apache Cassandra, Azure Cosmos DB, and Amazon DynamoDB.
Graph; In this model, items of data or objects are stored as nodes. Nodes may have properties and are linked by edges which define the relationship between two or more nodes.  A knowledge graph records and maintains the connections between all the nodes. Examples are; Apache Giraph, Azure Cosmos Db, and Neo4J.
Document; Document stores use format such as JSON or XML to mirror the associated structures in the application. This reduces the overhead required for translation between application and database. Examples are MongoDB [9], Elastic Search, and IBM Domino.
By assuming structures aligned with application, performance gains can be found when employing NoSQL type databases. While this can represent a considerable speed increase and better scalability they do so at the possible cost of consistency.
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